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Four patients with chronic empyema fter pneumonectomy have undergone 
successful obliteration f the empyema tract with a deepithelialized trans- 
verse rectus abdominis myocutaneous flap. The deepithelialized skin island 
has provided sufficient bulk for tract obliteration. Rotation of the skin 
island into the long axis of the rectus muscle has added considerable length 
to this flap, allowing it to reach the apex of the thoracic cavity. A recurrent 
loculation developed 4 months after the obliteration procedure in one 
patient. This was successfully treated with open pleural drainage and a 
second Clagett procedure. Over a mean follow-up period of 35 months, all 
four patients are free of further infectious sequelae. Chest roentgenograms 
have confirmed eradication of the tracts in all four patients. (J Thorac 
Cardiovasc Surg 1996;112:631-6) 
E mpyema occurs in 2% to 16% of patients after pneumonectomy and can be associated with 
bronchopleural fistula. 1 The majority of postopera- 
tive empyemas occur within the first 4 weeks after 
pneumonectomy, but they may occur any time after 
the operation. The development of empyema has 
serious consequences for these patients, including 
multiple reoperations. In one large series, the aver- 
age number of procedures performed in patients 
with postpneumonectomy empyema was five. 1 Cur- 
rent initial surgical management of the postpneu- 
monectomy empyema includes tube thoracostomy 
and open pleural drainage) -4A permanent thora- 
costomy might prevent recurrent infection and sep- 
sis but it necessitates lifelong wound care. 5
Closure of the thoracostomy can be performed to 
avoid the problems of a permanent chest wound. A 
variety of techniques have been described for tho- 
racostomy closure. 6-8 The most commonly used 
technique today was described by Clagett and 
Geraci 8in 1963. In this procedure, a clean empyema 
tract is first obtained through open pleural drainage. 
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The thorax is then filled with antibiotic solution, and 
a watertight seal is created during thoracostomy 
closure. Recurrent empyema is an unfortunate com- 
plication of the Clagett procedure, occurring in 12% 
to 80% of treated patients. 1'4 In addition, many 
patients may undergo multiple unsuccessful Clagett 
procedures, after which a chronic empyema tract 
remains. Failure to control the septic focus with 
these techniques has been a recurrent problem and 
has often been attributed to residual pleural dead 
space. 1In order to decrease the rate of recurrence, 
complete soft tissue obliteration of the empyema 
cavity has been advocated. 
Multiple local muscle flaps have been used to 
provide successful obliteration. 4' 9 Local tissues most 
frequently used for obliteration are the serratus 
anterior and the latissimus dorsi muscles. These 
muscles, however, have often been divided in these 
patients, limiting their usefulness. In these instances 
other tissues, such as the pectoralis major and the 
omentum, have been used. 1' 4, 7 Free tissue transfer 
has been used in a limited number of patients as 
well. l° The rectus abdominis muscle has not been 
used frequently 1' 4, v, 9 and the use of the TRAM flap 
has been criticized because of limited length and 
bulk. 11 Hallock 9 reported a single case of closure of 
postpneumonectomy empyema with a TRAM flap 
and felt the TRAM flap should be limited to use in 
the lower thoracic cavity only. We present case 
reports of four patients who underwent successful 
obliteration of chronic empyema tracts with a mod- 
ification of the TRAM flap that allowed transposi- 
tion to the apex of the chest: the deepithelialized 
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unipedicle TRAM flap with rotation into the long 
axis of the flap. 
Patients and methods 
Over the past 5 years, four patients had extensive 
empyema tracts after pneumonectomy. There were two 
men and two women with a mean age of 68 years (Table 
I). The tracts extended from the thoracostomy site to the 
apex of the thorax. Local chest wall muscle in these 
patients was inadequate because of prior thoracotomies. 
These patients underwent empyema tact obliteration and 
closure with a deepithelialized unipedicle TRAM flap as 
described herein. 
With the patient in the standing position, the typical 
transverse skin island of the TRAM flap was outlined. 
After induction of anesthesia, the patient was initially 
placed in the supine position. The rectus abdominis 
muscle ipsilateral to the empyema tract was elevated. The 
ipsilateral half of this skin island was then immediately 
deepithelialized (Fig. 1). This allowed maximum tension 
on the outlined skin island for easier deepithelialization. 
The upper abdominal skin flap was elevated to the xiphoid 
and above each costal margin. A subcutaneous tunnel was 
made between the upper abdominal dissection and the 
opening of the empyema tract for passage of the flap to 
the chest defect. The contralateral skin island was then 
elevated off the anterior ectus sheath and discarded as in 
abdominoplasty. This allowed for routine closure of the 
TRAM donor site. 
The medial and lateral perforators to the deepithelial- 
ized skin island were harvested with the overlying anterior 
rectus sheath and rectus abdominis muscle. The full 
length of the rectus muscle was elevated from the pubis to 
above the costal margin. All lateral intercostal perforators 
to the rectus muscle were divided, including the most 
superior perforators beneath the costal margin. For added 
mobility, the superior epigastric vessels were dissected 
under loupe magnification, dividing small branches just 
below the costal margin. 
So that the added length of the skin island and its 
rotation could be used, the island was rotated 90 degrees 
inferiorly into the long axis of the rectus muscle (Fig. 2). 
This rotation did not result in vascular compromise of the 
skin island. With the lateral edge of the deepithelialized 
skin island as the flap's leading edge, the flap was passed 
from the abdominal site to the chest defect through the 
previously developed subcutaneous tunnel. The rotation 
of the skin island supplied the additional length to reach 
the apex of the thorax through its rotation and the volume 
of the flap allowed for complete dead space obliteration 
(Fig. 3). 
The TRAM donor site was closed in the standard 
manner. The deepithelialized skin island was temporarily 
sutured to the opening of the empyema tract. After 
abdominal closure, the patient was turned to the decubi- 
tus position. This permitted better access to the empyema 
tract for improved 6bridement. Further ib resection was 
performed to allow passage of the flap into the empyema 
cavity. Adequate local skin was elevated to completely 
cover the deepithelialized flap. 
Case reports 
CASE 1. A 69-year-old man underwent right pneumo- 
nectomy for bronchiectasis n 1939. In 1962, the right 
pleural cavity became infected with Salmonella, necessi- 
tating tube thoracostomy. A rib resection was also per- 
formed for osteomyelitis. Over the next 28 years, the empy- 
ema tract was successfully managed with tube thoracostomy, 
tract irrigations, and dressing changes. In 1990, a previously 
undrained loculation was found, which necessitated further 
rib resection and a Clagett procedure was attempted, which 
was unsuccessful. After this procedure, a large, dean, well- 
drained empyema tract remained (Fig. 4). 
CASE 2. Tuberculosis was diagnosed in a 58-year-old 
woman in 1963. She was hospitalized in a sanitorium for 1 
year and then underwent a right upper lobectomy to 
control the disease. She was admitted for recurrent tuber- 
culosis in 1971. After this, the patient had a complicated 
course of recurrent pulmonary infections, bronchiectasis, 
hemoptysis, and productive cough. In 1990, a right pneu- 
monectomy was performed for a large aspergilloma of the 
middle lobe, followed by amphotericin B therapy. In 1991, 
an empyema of the right thorax developed, necessitating 
posterior ib resection and open thoracostomy. A clean 
empyema tract remained with extension to the apex of the 
thorax after adequate local wound care. 
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Table I. Summary of patients treated with deepithelialized unipedicle TRAM flap 
Patient Time from 
No. Time to empyema Follow-up 
(age, sex) Diagnosis empyema to flap time Outcome 
1 (72, M) Poorly differentiated non-small- 1 mo 3 mo 21 mo Good 
cell carcinoma 
Bronchiectasfs 23 yr 28 yr 55 mo Good 
TB/aspergillosis 1 yr 6 mo 55 mo Good 
Poorly differentiated squamous 6 mo 30 mo 10 mo Good, second 
cell carcinoma Clagett 
2 (71, M) 
3 (60, F) 
4 (70, F) 
CASE 3. A 72-year-old man underwent left pneumonec- 
tomy for poorly differentiated non-small-cell lung carci- 
noma in 1993. At the time of the operation, an abscess was 
noted in the affected lung. Within 1 month, the patient 
had a left empyema that was colonized with Haemophilus 
influenzae and Klebsiella pneumoniae. He underwent an 
Eloesser procedure 1 month after the pneumonectomy. 
After 2 months of dressing changes after the Eloesser 
procedure, a clean tract remained. 
CASE 4. A 70-year-old woman underwent right pneumo- 
nectomy in 1991 for poorly differentiated squamous cell 
carcinoma of the right lung. Six months later, a right 
empyema developed. After 21A years of dressing changes, 
she underwent closure of the tract with the deepithelialized 
TRAM flap. Several weeks after TRAM flap obliteration, 
fever and chest wound drainage developed. A recurrent 
infection was diagnosed and this was treated with a second 
open pleural drainage followed by a period of dressing 
changes. The tract hat remained was much smaller than the 
initial empyema tract treated with the TRAM flap. A 
successful Clagett procedure was performed on this more 
limited tract. In addition, an incarcerated anterior abdominal 
hernia developed, necessitating small bowel resection. She 
recovered fully after this procedure. 
Patients were observed for wound healing at the donor 
and recipient sites and for any sign of recurrent infection. 
Results have been recorded by direct observation and 
serial chest roentgenograms. 
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Fig. 4. A, Preoperative iew of right lateral chest wall with open thoracostomy site. B, Postoperative iew of lateral chest 
wall with healed thoracostomy site. C, Preoperative chest radiograph showing empyema tract in right lung field. D, 
Postoperative chest radiograph showing obliterated empyema tract. 
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Results 
After a clean wound had been established 
through adequate drainage and local care, these 
four patients underwent complete obliteration of 
their extensive mpyema tracts. No perioperative 
complications developed. Chest roentgenograms 
from the immediate postoperative period showed 
complete obliteration of the previous tracts. Mean 
follow-up was 35 months. Serial chest roentgeno- 
grams over this follow-up period have demonstrated 
continued obliteration of the tracts in all four pa- 
tients. One patient (patient 4) had a recurrent 
loculation after the obliteration procedure and was 
treated with a second Clagett procedure. This pa- 
tient has since been free of infectious equelae and 
the chest has remained closed for 10 months. The 
chest walls of the other three patients have re- 
mained healed, and the patients have been free of 
recurrent infection. Abdominal donor sites have 
healed without significant functional deficits in all 
four patients. An incarcerated hernia developed in 
one patient (patient 4) and necessitated a small 
bowel resection. This patient recovered from this 
event completely and has had no further problems 
at the abdominal donor site. 
Patient satisfaction has been high, with all pa- 
tients commenting that the relief from dressing 
changes was the most positive effect of the opera- 
tion. 
Discussion 
The goal of optimum treatment of postpneumo- 
nectomy empyema tracts is permanent closure with- 
out late infectious equelae. Other methods of sur- 
gical treatment, such as tube thoracostomy, might be 
successful in eliminating long-term infectious com- 
plications, but they are accompanied by lifelong 
dressing changes for the patient, s Aside from the 
patient's dissatisfaction with this result, maintaining 
an open wound also places added nutritional de- 
mands on the patient and adds the potential for 
local neoplastic transformation at the wound site. 
Techniques for thoracostomy closure such as the 
Clagett procedure have been successful, but they are 
associated with a significant recurrence rate. 1'4 
However, the low morbidity of this technique makes 
it a valid choice for initial management. For the 
recurrent empyema fter an unsuccessful Clagett 
procedure or for persistence of a tract, strong con- 
sideration should be given to obliteration with well- 
vascularized soft tissue. < 9 Patients must be healthy 
enough to tolerate this procedure and should have a 
prognosis that justifies further econstruction. These 
patients frequently have extensive smoking histories 
and decreased pulmonary reserve. They must be 
able to tolerate the intrathoracic portion of this 
procedure. In addition, recovery from TRAM flap 
operations involves maintaining flexion at the waist 
for several days. This posture could cause significant 
problems with pulmonary toilet resulting in atelec- 
tasis and pneumonia. 
Multiple features of muscle flaps and myocutane- 
ous flaps contribute to their ability to treat chronic 
wounds. The volume of tissue provided by these 
flaps for the complete obliteration of dead space is 
probably their most useful feature. Local muscle 
flaps, such as the serratus anterior and the latissimus 
dorsi, have been successful in the long-term resolu- 
tion of bronchopleural fistula and chronic empyema 
tracts through dead space obliteration. However, 
patients with chronic empyema frequently have had 
several thoracic procedures. Pneumonectomy, fol- 
lowed by thoracotomy, chest wall resection, thora- 
coplasty, or a combination of these procedures, has 
usually rendered the use of local muscles impossi- 
bleJ 1 The TRAM flap has previously been used for 
closure of the fenestra fter the Clagett procedure 6 
and for closure of empyema tracts in the lower one 
third of the thoracic cavity. 4' 9 This study has dem- 
onstrated successful obliteration of chronic empy- 
ema tracts with the deepithelialized unipedicle 
TRAM flap in patients with inadequate local muscle 
for reconstruction. This procedure is advantageous 
for several reasons. There is no need to use the 
remaining local flaps such as the pectoralis, which 
are limited in their volume and length and may 
affect upper extremity function. A laparotomy for 
omental flaps is avoided. Free tissue transfer with 
the added difficulty of finding appropriate recipient 
vessels is also avoided. 
The deepithelialized unipedicle TRAM flap de- 
scribed in this report provided adequate l ngth and 
volume for complete empyema obliteration. With 
the attached skin island on the lowest portion of the 
rectus muscle, rotating the flap inferiorly into the 
long axis of the rectus muscle provided considerable 
added length. The added length has permitted flap 
transposition to the apex of the thorax, which was 
not possible in previous reports. <9 The deepitheli- 
alized skin island has provided adequate soft tissue 
volume for complete dead space obliteration. The 
dead space requirements in these patients could not 
have been met by a single local muscle flap. The use 
of the skin island has been critical to and effective in 
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managing the length and volume requirements in 
these reconstructions. 
Secondary infection is an unfortunate and not 
infrequent complication of treating patients with 
postpneumonectomy empyemas. One of our pa- 
tients did have a secondary infection after oblitera- 
tion of the tract with the TRAM flap. In this 
instance, the TRAM flap had probably reduced the 
size of the prior tract such that this secondary tract 
could be treated successfully with a Clagett proce- 
dure. We would, therefore, recommend this second- 
ary Clagett echnique for the limited recurrent tract 
after our obliteration procedure. Although this was 
an unexpected complication, we had the opportunity 
to demonstrate that a small recurrence after the 
TRAM flap could be easily managed. Although we 
did not encounter a large recurrent ract in our 
series, we would consider a second obliteration 
procedure with the omentum or a free flap for this 
problem. 
In summary, the deepithelialized unipedicle 
TRAM flap has provided successful long-term oblit- 
eration of the postpneumonectomy empyema tract 
when satisfactory local chest wall muscle was un- 
available. 
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